In this paper, we review and use different methods to measure and compare efficiency scores in energy producing plants. In particular, we use non-parametric and parametric techniques. We focus our attention in electricity producing power plants on eighteen European countries, as well as in thirty energy systems as a whole. This paper also state some results such as that efficiency has widely improved in the period studied, but these positive results are not homogeneous among energy systems or firms. We present some evidence that the greatest part of energy improvement is the consequence of the technological shift and is not necessarily due to alternative factors, such as market integration, increasing competition, or other firm-level decisions.
INTRODUCTION
Over the last few decades, the energy sector in nearly all countries, and particularly in Europe, has experienced a group of reforms; these reforms attempt to cope with three main aspects of the energy-producing firms: security of the supply of raw materials, the control of shocks in prices, and efficiency improvements of firms in the energy sector. In this paper, we explore the latter aspect, and in particular weather market integration has exerted a relevant effect on the efficiency improvement of the energy producing firms and power plants. We review different methods of measurement that have been proposed in the literature, discuss the differences in the results obtained when applied in different studies and, finally address improvements in efficiency that might be directly related with the integration of energy markets in Europe or alternative phenomena. While efficiency improvements have been pointed out as one of the main objectives in the design, development and deployment of European reforms in this sector, we think that the greatest part of improvements can be better identified with other causes such as technological shift or new energy generation methods. Better identification of factors and their consequences is crucial to cope better with further reforms and policy design.
In particular the European Union began this process of energy markets reform in 1988 with the publication of the "White Paper of the European Commission on Interior Market Construction". The idea behind this white paper was that any European citizen might purchase energy from any European provider, regardless of who owns the transport grid. However, it was not until 1992, with the Treaty of Lisbon that the entire process started with the setting of four basic goals: 1) improve assurance of the supply; 2) achieve lower prices for final consumers; 3) improve environment-friendly practices and; 4) improve efficiency of firms through energy savings. From the very beginning, the process was designed in different stages, with the third stage bargained among European Union (EU) members along the [2007] [2008] [2009] period; from that juncture, a compliance period was also designated until 2011 (Eikeland, 2008) .
As stated previously, in this paper we focus mainly in the fourth of these goals, that is, the efficiency improvement of the energy-producing firms. In order to do this, we propose a two-fold research question: Under what conditions do the efficiency of electricity-producing firms improve? And to which factors may we attribute the greater part of this improvement?
We discuss briefly the methods used to assess efficiency, its advantages and flaws but most importantly, we conduct a two-step empirical analysis, first with a data set at country level and secondly, with a different data set at firm level. In this manner we first sought the most efficient countries within the European countries and afterward we were also able to look for the progression of energy producing firms in Europe.
Our general hypothesis is that efficiency has improved greatly in the last fifteen years, but that there are important observations to conduct with regard the main factors of this improvement. We present such concerns in the form of three particular hypotheses: first, with respect to what concerns overall improvements (at the country level), the improvements are the consequence of a more diverse energy mix; second, a large proportion of the inefficiency detected in the less efficient countries is caused by installed but unused capacity and not only by technical inefficiency; and third, in terms of what particularly concerns energy producing firms, we think that a greater part of their improvement is due to technological change (use of better technologies) and not only to increasing competition due to energy market integration, either at the regional or the European level. For the development of our work we set four objectives clearly differentiated: We first describe the most frequently employed measures of efficiency evolution in different companies and, in particular, energy-producing firms. After this, we introduce the type of methods that are currently utilized to assess efficiency, and secondly we discuss some advantages and drawbacks of the different measures and indicate two of the best methods that we will use on the empirical part of our work. The third objective of this paper is to focus in the empirical data that will allow us to compare different methods, rank the different countries and energy-producing firms and assess the more likely cause of energy improvements. As a fourth objective we will contrast our results with the expectations at the beginning of the reform of the energy sector and the electricity-producing firms in particular. The rest of the paper is organized as follows: in section two we will describe and set up the subject of the paper, stressing the relationship between the construction of a single energy market and efficiency changes in Europe. In section three we will talk about the methods regularly used to disentangle the kind of problems we present and we will point out a couple of those (Data Envelopment Analysis and Stochastic Frontier Analysis) that we will use in the applied section. Section four is devoted to explicit our plan, how we will proceed and what data we will use, at country and power plant level. The fifth section of this paper is the summary of the results we obtained at both levels of analysis and with all the tools we used. Finally, the sixth and last section is devoted to state our conclusions.
SINGLE MARKETS AND EFFICIENCY
In economics it is a well-known result that openness and integration of markets can lead to a series of results among which we can find the increasing efficiency of the firms operating in the area to be integrated (countries, regions, etc.) . Improvement in efficiency is not the sole result, it is clear that there are some additional positive results as well as negative ones. In this section of the paper, we will mention all of these, but we will extend some more in the efficiency effect. When European policy-makers first conceived the creation of a single market, they were thinking mainly of this tool as a trade enhancer among European Union members. But as expected, while constructing this single market, they had to assess other positive outcomes and all negative ones. In addition to efficiency improvements, we have also mentioned gains in trade volume, increasing competition (thanks to what we can expect in terms of prices cuts, technical improvements, and efficiency gains), the exchange of ideas and production methods, due to increasing commercial exchange, can also be an innovation enhancer, and finally, there can be policy making synergies thanks to sector spill-overs. With respect to energy policies, these spillovers can affect environmental policy or higher education. In what concerns the negative outcomes that can occur, we can first point out trade diversion losses from third parties of the new (more) integrated area as trade increases among partners, third parties may lose terrain. Synchronizing policies with one's partners and tightening the scope of your possible decisions with those of the group might be observed as sovereign cost and cause controversy within countries. A different type of cost is that described as subsidiary costs, which are those created due to the obligation of complying with some policies not well fitted to local needs (wearing a uniform can be useful, but it does not fit all bodies or situations). Finally there are the costs of the process, while there might be some that are paid for only once (new energy lines, costs of adaptation, etc.), there are some costs that, once created, must be paid regularly (costs of new authorities, new maintenance costs, etc). All these costs and benefit evolve in different ways as integration towards a single market advances, but in the following paragraphs we will focus solely in how efficiency improves and the tools employed by European countries to construct the single energy market. The basic tool-kit of European single market construction might be easily simplified, but is extremely more complex than what we describe here. The first type of tools are those of the construction of any free-trade or custom area, which comprise eliminating internal tariffs and imposing tariffs on third parties, and of course, depending on the degree of integration, tariffs can be blurred or completely eliminated and third parties tariffs can apply to all or a group of country members. The signing of and compliance with different European Treaties comprise one of the main tools; nearly all, if not all, EU treaties contain some new rules to intensify the integration of European countries, mainly with respect to free movement of goods, services and production factors (capital and labour). Compliance with European treaties and directives often requires mutual recognition of other member states laws and norms, in addition to pronounced coordination and harmonization of rules and institutional structures such as unbundling of vertical integrated energy firms or re-structuration of member state energy markets. It is quite common that the EU directives contain some suggestions for adapting member states ways to the best practices, but it is also true that the Nation-State has proven to be way more resilient than what is usually thought. Because there is a positive and a negative side of the integration of markets, there is a trade-off; thus there must be an optimal outcome, where there is no possibility of improving without becoming worse in at least one aspect. While it is good to know that there might be an optimal point and that it is possible to reach it, for our purposes it is primarily important to asses such optimal point in what concerns to efficiency as well as it is important to know whether we are heading toward it, that is, whether efficiency has really been improving and if such an improvement can be attributed to the creation of the European single energy market.
METHODS AND PROCEDURES

Overview of current methods
The literature in what concerns to measuring the efficiency of firms is abundant, and it can divided it in two main groups; first the so called non-frontier approach, that basically consist in estimate a cost function without a stochastic component for inefficiency and thus it is assumed that all firms operate in the cost frontier. Once the cost functions have been estimated it is possible to calculate the inefficiency of scale and scope of the companies (Mehdi & Filippini, 2009; Jamasb & Pollit, 2001; Jamasb & Pollitt, 2003) . The most common methods of estimation of these cost functions are Ordinary Least Squares or Total Factor Productivity techniques. Both of these techniques use a mean or an average performance of companies to compare all firms and that is why this group is also known as the average performance approach. The second part of the literature is the Frontier approach, which assumes that the full cost efficiency is limited to those companies that are identified as the best-practice producers (Mehdi & Filippini, 2009) . It is also assumed that the rest of companies in the sector produce at higher costs and thus the inefficiency is higher than zero. In this case, it is possible to measure not just the scope and scale inefficiency but also the cost inefficiency. In what concerns to the estimation methods, this second group can be also divided in two different categories that are the non-parametric and the parametric methods. In the first one we can find the Data Envelopment Analysis, which is a linear programming method; while in the second category we can find the Deterministic Statistical Frontier Analysis method or the Stochastic Frontier Analysis that both are statistical approaches (Jamasb & Pollitt, 2003; Pollitt, 1995) . In the figure 1 we present a scheme of the literature and below we describe the most relevant ones. All these methods of measuring efficiency of different firms or DMUs (Decision Making Units) have been developed with a main objective, that is, help regulators to promote efficiency improvement by rewarding good performance relative to some pre-defined benchmark (either a frontier or a mean). It is also true that several scholars trying to acknowledge the efficiency of different firms have used all these methods. In particular we would like to call the attention over two particularly relevant studies. The first one of these studies was conducted by Pollitt (1995) , and it analyses the technical productive efficiency of an international sample of electric power plants. The data Pollitt uses in this study is an international sample of power plants (rather than firms) and it uses different methodologies, like Stochastic Frontier Analysis, Data Envelopment Analysis and other, to acknowledge for what is called a "methodological cross-checking". Nonetheless, one of the main objectives of this study is to identify differences in efficiency of public and private owned power plants and this constitutes one of his main results (he actually finds that there are no significant differences in the performance of plants regarding if it's publicly or private owned Førsund and Kittelsen (1998) , they use a Malmquist index to study shifts in frontier technology and change in efficiency for Norwegian electricity distribution utilities. They found a positive productivity growth, averaging 2% per year, but also that this change is mainly due to the shift in technology frontier. Even when they offer quite interesting and relevant results, they use data for only few years and they account the increase for distribution firms while we plan to do so for electricity producing plants.
Selected methods
Our toolkit consists of three basic applications; we decided to keep these instead of other available ones because of a number of reasons, among which we might mention simplicity of calculation, alternative experiences of implementation with which we could compare to and finally, our opinion about the flaws of some of those methods. This way, we are sure that we will use the best methods and the best fitted to get the answers we are looking for. In the following sections then we will detail how the methods we selected works, mainly Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) put the focus on the performance of firms and the evolution of the best performers and the firms that follow the lead, whereas we decided to include the Malmquist index in order to assess the factors to which we should attribute the changes in efficiency.
3.2.1 DEA -The first of all methods we would like to comment is the Data Envelopment Analysis (DEA). This method was first developed by Farrell (1957) and somehow retaken and further developed by Coelli (2005) . With their examples we will illustrate how it functions assuming a set of firms that use two inputs x 1 and x 2 , and produce a single output y (we use here the single output example only to simplify the explanation, but one capital feature to select DEA as a methodological approach is that it can be implemented with multiple outputs); we will sustain the assumption of constant returns to scale. Fig. 2 The isoquant SS' represents the full efficient firm in figure 2 and knowing this line we can measure the technical efficiency of a given firm. If such firm uses quantities of inputs in the point P, to produce a unit of input, the distance QP can represent the technical inefficiency of that firm, which is the amount by which all inputs could be proportionally reduced without a reduction in output. We can also present that in
percentages with the ratio QP/0P, which represents the percentage by which all inputs can be reduced. Finally we can define the Technical Efficiency (TE) of a firm like;
TE=0Q/0P
This measure takes values between zero and one and provides an indicator of the degree of technical inefficiency of the firm. If the firm is efficient it might obtain a value of one and it would be placed in the isoquant, like the point Q.
If we also know the input price ratio, here represented by line AA' it is possible to calculate the allocative efficiency (also referred sometimes as price efficiency). The allocative efficiency (AE) of the firm operating at P is defined to be the ratio
AE=0R/0Q
Since the distance RQ might be taken as the reduction in production costs that might occur if production takes place in the in the allocativelly and technically efficient Q', instead of produce at the technically efficient but allocativelly inefficient point Q.
The efficiency measures we have presented so far assume that the production function is known (or the cost function if such approach is preferred), but in practice this is not the case, and thus, the efficient isoquant must be estimated from the available data. Two alternatives have been suggested to calculate the isoquant, either a picewiselinear convex isoquant, or using a Cob-Douglas function fitted to the data.
3.2.2 SFA -The second method considered here is the Stochastic Frontier Analysis that is a parametrical method. We prepared this explanation based mainly in Coelli et al. (2005) . We might say that one of the most important differences with the previously exposed method is that the envelopment of data is done by choosing an arbitrary function. The most common function used in applications is the CobbDouglas of the form:
where is the output of the firm i; is a K x 1 vector with the logarithm of inputs; is a vector of unknown parameters and ; is a non-negative random variable associated with technical inefficiency. For the estimation of these parameters different studies have used different methods like linear programming, maximum likelihood, least squares or a variation of this last one, modified least squares. The problem with the frontiers like the one we have just described is that it does not take in account (like DEA neither) measurement errors or other sources of statistical noise and thus, all deviations of the frontier are assumed to be the result of technical inefficiency unless we introduce some modifications. We can find in the literature stochastic frontier production functions like the following:
That is, more or less the same described above but with a symmetric random error , to acknowledge for statistical noise. In order to illustrate graphically how the stochastic frontier model works, we will use the transformation and simplification by Coelli (2005) Observed values are indicated in the graph below by while frontier values are indicated by ⨂. Frontier output for firm A lies above the deterministic part of the production frontier only because the noise effect is positive (" # 0 ), while the frontier output of the firm B lies below the deterministic part of the frontier because the noise effect is negative (" % 0). In the graph it is also represented that the observed output of firm A lies below the deterministic part of the frontier because noise and inefficiency summed up (" − % 0) are negative. If we generalize this example to cases with firms using several inputs, observed outputs tend to lie below the deterministic part of the frontier. Indeed they can only lie above the deterministic part of the frontier when noise effect is positive and greater than the inefficiency effect (
Malmquist Productivity Index -Using this index we can decompose the productivity improvements into technological change and other productivity improvements (Førsund & Kittelsen, 1998) The Malmquist efficiency index was first defined after Sten Malmquist (1953) and gained a big deal of popularity to measure not just productivity but also how this changes over time. Nonetheless this index has been also criticized and reviewed by many scholars that have shed some light on its drawbacks, specially, in some systematic bias and its dependence on the magnitude of scale economies (GrifellTatjé & Lovell, 1995) ; (Bjurek, 1996) ; also see (Halkos & Tzeremes, 2006) . Still, if we proceed carefully, it is a great tool that may help us to test our main hypothesis; first we calculate productivity development, relative to the best practice production frontier and; secondly we can split into change in efficiency and technical change, acknowledging changes in individual performance relative to the frontier, but also changes in the best practice, that is, the frontier.
As Førsund (1998) and Farrell (1957) defined previously, the production possibility set that faces an operation unit can be expressed as follows:
where y is the vector of N outputs and x the vector of S inputs, given that we assume a multi-input, multi-output scenario. As with other examples, we also assume here constant returns to scale. The Farrell efficiency measure for an input-output combination (* ( ; , ( ; for observation j at time <, with technology ' ( from the year t can be expressed as When an efficiency score is less than one, the observation is inefficient compared to the technology in period t. Since our goal is acknowledge sifts in efficiency over time, we will base our index in binary comparisons for each production unit between two time periods. In this example we denote those time periods with 1 and 2. Expressions involving period 2 observations will be in the numerator and expressions involving period 1 observations will be in the denominator. Thus, the Malmquist productivity index, A > ,G , that compares the performance of unit j with a frontier technology from period 1 as reference is
T represents the time periods. If A > ,G # 1, the observation in period 2 is more productive than the observation in period 1. A change in productivity might be caused by either a change in efficiency or a shift in the frontier production. Färe (1994) showed how these indexes can be decomposed with data for at least two time periods; the Malmquist productivity index A > ,G can be decomposed into two parts: the catching up A J> ,G , and the pure technology shift, A K> ,G as follows
This way we can know the catching-up effect A J> ,G , that is the relative movement of the observed unit to the frontier. The frontier technology change, on the other hand, it is expressed by the ratio of the efficiency scores for the second period observation relative to the two technologies.
OUR PLAN
We split our analysis in two stages clearly differentiated; first we will compare the overall efficiency of a group of countries; this group includes almost all European Union member states and some non EU members like Switzerland, Norway or Turkey, we consider the inclusion of this non EU members might be useful not just as a control group but also for further country grouping. A complete homogeneous change in all countries, including those non-EU members, would give us the idea that the change is due to factors affecting equally those two groups (EU and non-EU members) and not just one of these groups of countries (for our interest it is good to find some evidence that such homogeneous results is due to the technological change to which all countries have access regardless of the membership or association status with the EU). This stage of the analysis consist mainly in conducting a multi-output, multi-input analysis adapting linear programming tools to set a point of comparison for different methods. We use the Data Envelopment Analysis to get a first rank of countries from the more efficient ones and those following the lead. Since the first set of data (at countries level) has a wider range of inputs and outputs this will allow us to assess the energy efficiency improvements. This first stage of analysis give us a first hint of the effects that will also appear in the second stage of analysis, since we aim to assess the main factors and conditions that face electricity producing firms.
In the second part of the analysis, on the other hand, we will use micro-data related to a sample of power plants, to conduct our analysis at power plant level. At this point, we will compare different scores obtained with different methods, like the mentioned Data Envelopment Analysis and Stochastic Frontier Analysis. Our aim at this point of our work is to be also capable to discuss the performance of the most used techniques used to measure efficiency, not just by scholars but also by some regulators. With the micro data we also calculate the Malmquist-Indexes for the 2004-2009 and 2009-2013 pairs of years, this way we will be available to comment not just the evolution of efficiency but we will be also capable to split the results into technical efficiency and improvements due to other factors, that is, the movements of the power plant's scores towards the frontier of production (catch-up effect) and the movement of the same frontier (technology shift).
Data
The data we use as we mentioned above consist basically in two datasets, each for one of the two levels of analysis we are willing to conduct. First dataset refers to countries (energy systems) while the second dataset refers to electricity generation power plants.
The first dataset we will use is a combination of five input variables and five output variables and each of these is observed for sixteen years, from 1995 until 2010; this period of time covers almost all the process of integration of European energy markets, taking in account that the first package of liberalization measures were adopted in 1996. This is a completely balanced dataset as it is needed for conducting DEA and SFA, all series are homogeneous since all of them have been published by Eurostat. The second dataset we use to do the empirical part of this paper consist in a sample of 130 power plants in eighteen countries (sixteen EU members and two non-EU countries): Italy, Romania, Bulgaria, Spain, France, Sweden, Czech Republic, Germany, Slovenia, Switzerland, Finland, Croatia, Hungary, Slovakia, Belgium, Norway, Portugal, Estonia. All the current EU members were part of the EU at the starting point of the dataset and thus were compelled to follow the same rules regarding the liberalization of energy markets, and regarding the two non-EU countries we include them for control and comparison purposes. We don't need data for all the industry in all countries, since our main objective is to know if there have been changes in European firms in the last few years and to which particular factors we may attribute those changes. In the case of our second database it has been extracted from the AMADEUS database that publishes the data collected from the financial statements of all European countries, this is the main reason why this second set of data is mainly financial data. In order to have a better understanding of the efficiency improvements, we construct the variable "output" as a proxy of the real output of the firms dividing the total sales by the price of the energies, even when this proxy is just an indicator of the real output it is also measured in kw/h, like the real output. Data accuracy is of capital importance in order to minimize further problems; frontier approaches are susceptible to shocks and data errors. This is specially the case when cross sectional data is used and there is no allowance for errors as in DEA (Jamasb & Pollit, 2001) , this is the main reason why we prefer to stick with a carefully selected group of variables instead of trying a larger group but with other flaws, consequence of the collection or the sources (unbalance of the panel, multiplicity of sources, etc.).
RESULTS
In this section we present the results we have obtained with the treatment of the first and second dataset, we also speak of some additional results of the first and second stage of the analysis, in the next section we will present our conclusions related with the results presented in this section.
Results
As a starting point for our analysis we first construct a simple index based in the energy intensity of each of the countries included in our first set of data. The goal is to have a first approximation to the scores we might find in the more sophisticated analysis and, on the other hand, we might also be able to critically overview the standard measures (energy intensity) and other scores like those resulting from the Data Envelopment Analysis and other methods. If we only take in account the standard measure of efficiency which is energy intensity, we might expect a quite inefficient general environment, and we take these first results as a comparison point to start explaining our first results. Different countries have faced different resources endowments and may rely solely in a particular source of energy generation, particularly expensive or that account in a high proportion against the energy intensity of those countries; that, for example might be the case of the Czech Republic, Romania, Estonia and Bulgaria, some of the most energy inefficient countries if we only rely on the energy intensity as an indicator. Energy mixes are quite diverse throughout the European continent and it is also the case for general economic performance. The other side of the energy intensity measure is GDP or the size of the economies in the set. Our first results then, the position in the ranking (see Table 3 ) and the belonging to one group or another might be highly dependent on GDP during the period of study and to the deployment of certain generation methods in further proves we will be able to test these results but so far there seems to be a correlation between GDP growth rates, the size of the economies and energy efficiency improvements. Some countries, because of their climate conditions for example, exhibit higher needs for energy than others, when it is the case that such countries are among the less favored countries in the EU (have small GDP's), their energy intensity is way much higher than others. That affects directly their scores in this first index dependent on the energy intensity indicator. We can clearly distinguish four groups of countries regarding the position that each of them occupies in the ranking; in the table below we present the groups regarding the score obtained in our first analysis. These groups have been labeled as Efficient, Follower, non-Efficient and less Efficient. Even when a small GDP can drag you to the bottom of the rank, it is also true that a high GDP level do not grant a good performance in the exercise, since it is also known that with higher GDP's there are also more need for energy, not just because there are more appliances in use but also because consumption of all kind of products is higher and there is more need of energy to produce them. An additional result that is worth reporting is that there is some convergence in what concerns to efficiency, that is, a group of countries, particularly the less efficient ones move towards the frontier (even when at the end of the analyzed period are still far from the frontier); we must take in account, though, that some countries start from quite inefficient scenarios, which might be five times less efficient than the best performers.
A result that we were expecting and that has been partially proved is that energy efficiency has improved in the last fifteen years. This improvement has been of about two or three percent each year, depending of the year but also of the country. We have already talked about the existence of a catch-up effect, and that such effect is stronger in the less efficient countries, then, it is clear that more efficient countries exhibit smaller rates of improvements in their energy efficiency scores. Nonetheless, at the present rates of improvement and "all things been equal" it might take decades to the less efficient countries to catch the more efficient scores. For the full table see the appendix one at the end of the paper.
DEA by country
When we use more sophisticated techniques to account for the efficiency of the group of countries we have included in our set, a very different reality awakens. The first results that we would like to stress is that countries perform much better than what we expected. There are more countries in the frontier than what we could expect from the first approximation with the energy intensity indicator. Around half of the countries in the set perform fairly well and are in the frontier at least once, even when some of them lose this position at least once. Some countries start a little below the frontier but end up catching it, like Belgium, Hungary, Netherlands, Slovenia or Finland, some others even when they are in the frontier at least once, lose this position in the year 2010, like Austria or the United Kingdom; particularly these two countries lose some ground since it seems that the frontier moves away from them (detailed results are reported in the Annex 2). After comparing all scores and looking for certain correlations, it is also true that the more production methods are used in the different countries, the more likely is that such country will end up been in the frontier and the higher the score in energy intensity the less likely such country will be in the frontier. Both observations might be quite intuitive, the more diverse the country's energy mix is, the more efficient might be and the more inputs it takes to produce an extra unit of GDP the less efficient it is also in overall terms. What is really interesting about the use of non-parametric techniques such as DEA is that this methodology let us know not just the scores of every country and assess different technologies, that is, the combination of certain inputs to produce one or more outputs, but also how much technology improves.
Frontier moves and catch-up effects
Given these results it is also worth to mention the changes in the frontier of production, acknowledged by the Malmquist index calculated and also available at detail in the Annex 2. Between 1995 and 2000 the total productivity increased a 2% in average, but the technical change effect was a little less important than the efficiency change (catch-up effect), 0.9% and 1% respectively. This changes slightly for the rest of the years coupled, where technical change is a little better than the catch-up effect, like in the 2005/2010, when the technical change accounts for a 0.96% and efficiency change for a 0.93.
DEA by production firms
As it was expected, the efficiency scores at the production plant levels are way more diverse that the results at country levels. Only a small portion of the complete set of producing firms (11%) reach and maintain the position in the frontier for the whole period of study. As often happens in these sort of studies, many firms or DMU score differently in every year, even when they maintain a certain level of efficiency. In average, the distance from the typical producing firm to the frontier is of about 30%, but again, some firms are way more inefficient than others. Size of the firm is one of the factors that can be directly correlated with the less efficient scores, that is, the bigger the firm, the less likely that it will get to the production frontier; it is harder for bigger firms to achieve full efficiency. On the other hand, and non-surprisingly, the higher the volume of assets the firm holds, the more likely is for it to reach the production frontier. Finally, if we account by country of origin of the firms, there are no strong correlation with been a given country and perform better than the rest of countries. It is clear that there are stronger factors, micro factors (like firm size, assets available or cost of factors) rather than national states context or regulation.
Frontier moves and catch-up effects in production firms
Since technology is an important factor in production, the use and ageing of certain production method can account relevant changes both in the frontier (how much electricity is produced in the whole sector) and how much can a given firm produce (catch-up effect). In the set of firms we study, it seems that there is a correlation between the source used to produce electricity and the final efficiency score; firms using traditional sources of energy, like coal or other fossil fuel lose ground through time more easily than others. A very relevant result and that we would like to stress again is that the frontier moves accounting for a higher production of the firms in the sample, the increase is of 12% within 2004 and 2009 (2.4% each year), 12% again between the year 2009 and 2013 (2.4% again). On the other hand, those firms that better improve their scores are those that account for a higher technical change than the rest of the firms in the set; that is, technical change is the more important driver of efficiency improvement at the firm level also.
SFA by production firms
Finally, we report some results from the Stochastic Frontier Analysis estimation. First thing that we should say is that this method has an important flow relative to other methods used here and in other related studies, that is, you can only estimate the stochastic frontier using only one output, other multi-output approaches using stochastic frontier methodology are under development and we couldn't warranty the comparability of the results. We decided then to make a second calculation of DEA frontiers taking only one output for sake of comparability. Scores estimated with the SFA method are consistently lower, as expected, the difference is a full 10% in average. This difference is partially explained by the fact that since SFA estimations also accounts an estimation error while DEA calculation of inefficiency attributes all the distance from the observed inefficient units to pure inefficiency.
When we compare different SFA scores for 2004 and 2009 we can say that productivity has increase, but not for all firms nor in equal quantities. Somehow the results are equivalent to those of the DEA, but quite different in its size and nature.
CONCLUSIONS
Efficiency measures are useful, not just for benchmarking of firms, power plants or countries as part of the energy sector (or any other sector where you want to apply these techniques), but also for policy makers and entrepreneurs. While the second group must be aware of the major causes that deliver results after the energy market reform and the slow pace that some results have been exhibiting, the entrepreneurs can be interested in their position in the market and the factors that might help them to improve their performance relative to their direct competitors. Even when different regulators use different measures, it is important to know other possibilities and the drawbacks of all of them, in what concern to simplicity, reliability and the information that every technique provides. Sometimes it might be not enough with just a ranking of firms or countries but also to assess the main factors of change, in this respect, the inclusion of the Malmquist index is quite illustrative, but also other techniques that enrich the results. Asses the different components or factors of the efficiency improvements are also important for further policy deployments and to know better where to put more effort, either in the group of policies that help companies to move towards the frontier of production or in the group of policies that promote technological change and thus an overall improvement in the sector (It is important how we use different scores to different phenomena). An important and shared drawback of all the measures is the relevance of accurate data. There is an important margin for improvement not just from the development of different methods (parametric and non-parametric) point of view but also from the collection and availability of data, particularly at firm level. Even when there is information available at country level, the availability of information decrease when we look for micro data. We were able to prove the relevance of the technological progress in the improvement in the volume of output, even if we were expecting higher shares relative to the catchup effect, if we differentiate by production sources, the effect can be more clearly seen. The increasing participation of renewable sources of energy is a clear improvement in the overall sector, besides of other decisions that firms can make at the micro level, like the amount of labor, the effort they put in sales or the output produced. 
